Dunham MW, James SE, Lever TE, Lu Q, Carrion-Jones MJ: Methodology to obtain a mixed sural nerve recording in mice. Am J Phys Med Rehabil 2009; 88:542-546. Objective: There is an increasing interest in using mouse models for electrodiagnostic research. Studying transgenic mice with various pathologies adds to our knowledge of the natural history of a disease. It is imperative, however, to compare disease models with the appropriate control.
Bi ochemical, immunohistochemical, and genetic studies have been used as tools to obtain information from mouse models. Phenotypically, mice may not exhibit the same features as seen in humans. For example, the mdx transgenic mouse was initially labeled as a mouse model of human Duchenne muscular dystrophy. It was after electrodiagnostic testing that this was found to be a model of primary, nonmyotonic myopathy. [1] [2] [3] This points to the importance of using electrodiagnosis in neuromuscular research. Increasingly, electrodiagnostic evaluation is being performed in mice, which requires the establishment of reference values. Sciatic motor unit action potential reference values have been recorded, 4 as well as action potential duration of fetal mouse dorsal root ganglia in vitro. 5 The sural nerve is present in both humans and mice, and its anatomical location makes it ideal for electrodiagnostic research. To our knowledge, the reference values for the sural nerve in mice have not been established. In this study, we have developed a method to obtain mixed nerve conduction reference values for the murine sural nerve.
MATERIALS AND METHODS Animals
Eleven wild-type C57BL6 mice (23-43 g; 2-7 mos old, Charles River) were used in this study. All experiments were approved by the Animal Care and Use Committee of our institution. Mice were maintained in group housing under a 12-hour light and dark cycle and allowed chow and water ad libitum.
Sural Nerve Action Potential Recordings
Four mice were anesthetized using ketaminexylazine (0.09 ml/10 g of body weight) intraperitoneally. Seven mice were anesthetized using 2%-3% isofluorane vapor. Antibiotic cream was applied to the eyes to prevent drying during anesthesia. The dorsum of the hind limb was shaved to give better contact with the electrodes. The mouse was placed prone on a heating pad controlled by a rectal thermistor (Frederick Haer Company Inc., Bowdoin, ME), 6, 7 and the body temperature was maintained between 36.5°C and 38°C 8, 9 during the entire recording. A ground electrode, an unshielded Ag-AgCl electrode with contact posts (Biopac Systems Inc., Goleta, CA) was placed underneath the abdominal area of the mouse.
As shown in Figure 1 , near nerve pickup with antidromic technique was performed. Stainless steel annealed wire of 0.008-inch diameter (A-M Systems Inc., Carlsborg, WA.) was used to establish the active and reference electrodes. The wire was formed into a loop around the most proximal aspect of the animal's hind paw and then attached to a micrograbber (Biopac Systems Inc.). This represented the active electrode. The wire around the skin and at the connection with the micrograbbers was covered with conduction gel (Parker Laboratories, Fairfield, NJ). The reference electrode was placed 5 mm distal to the active electrode. The anode and cathode were 1.2-cm stainless steel needles (Faith Medical, Steedman, MO) fixed 1 mm apart and inserted subcutaneously, lateral to the knee. This site was determined after dissection and gross appreciation of the cutaneous surae caudalis, 10 which is the nerve targeted in this study. The cathode was 1.5 cm proximal to the active recording electrode.
Obtaining Mixed Action Potentials
Action potentials were recorded with a TECA Synergy electrodiagnostic machine (Oxford Instruments, Oxfordshire, UK). The low-and high-frequency filters were set at 20 and 3000 Hz, respectively. 11 Stimulation was started at an intensity of 1 mA and increased until the mixed nerve action potential peak-to-peak response was maximized. Stimulation duration remained at 0.02 msecs. A mixed recording was expected because the likelihood of the sural nerve containing motor fibers has been well established in other small animal studies. [12] [13] [14] [15] [16] [17] The amplitude (peak to peak) and latency (first negative deflection) of ten tracings were then signal averaged to minimize background noise, allowing a more precise measurement of the onset latency and amplitude. 18 Although averaging was performed, which confirms the validity of the waveform, some baseline noise could not be avoided but was much improved over simply rastering the waveform. Figure  2 is an average of ten mixed action potentials, followed by a compound muscle action potential. The compound muscle action potential appeared after the mixed action potential secondary to slower conduction and synaptic delay. 6 The sensory nerve action potential is embedded in the mixed action potential and can, therefore, not be appreciated as a separate waveform.
The mice also underwent sensory threshold analysis using Semmes-Weinstein filaments (Stoelting, Wood Dale, IL). We used this test to demonstrate that the animals in this investigation had normal hind limb sensory thresholds. Animals were placed in a clear plastic chamber at room temperature and allowed to adjust to the environment for 10 -15 mins. Filaments ranging from 0.008 to 300 g were applied to each hind paw five times while the mouse was placed on a screen. The filaments were applied to the foot pad until bending, and the filament that elicited a withdrawal response was recorded. The threshold response was determined by the filament that produced a withdrawal response greater than 50% (three of five trials). The threshold values were averaged for each limb.
Raw data were subjected to statistical analysis using the Statistical Package for Social Sciences (SPSS; version 15.0).
RESULTS
The mean peak latency was 1.74 msecs for the right hind limb and 1.89 msecs for the left hind limb, with a SE of 0.13 and 0.09, respectively. Mean peakto-peak amplitudes were 21.58 V right and 17.00 V left, with a SE of 2.16 and 1.33, respectively. Mean Semmes-Weinstein filament sensory threshold values were 0.1 g, with a SE of 0.01 for both hind limbs.
Paired samples t tests showed that there was no significant difference in the mean amplitude (P ϭ 0.068) and latency (P ϭ 0.105) values obtained from left vs. right hind limbs (Fig. 3) .
Independent samples t tests revealed that the onset, latency, and peak-to-peak values were not significantly different (P Ͼ 0.05) between the two types of anesthesia (isofluorane, n ϭ 7; ketaminexylazine, n ϭ 4) used in this investigation.
DISCUSSION
Evaluation of our results indicates that left and right hind limb amplitude and latency values showed no significant differences. Our technique and recordings correlate well with those of George and Bostock, 6 which were obtained using a rat model. As seen in George and Bostock's study, we were also able to separate out the compound muscle action potential waveforms. This lends to the reliability and reproducibility of our results. Also, our data suggest the recordings were not affected by anesthetic agent choice, thus allowing flexibility of anesthesia choice for future studies using this electrodiagnostic method.
A potential problem in our methodology was the small sample size. This was addressed with repeated electrodiagnostic testing on the same mice. These recordings yielded equivalent results. Furthermore, validity was established when Semmes-Weinstein fil-
FIGURE 2
Signal-averaged tracing from the cutaneous surae caudalis are as follows: 1 is onset latency, 2 is peak latency, and 1-3 is the duration of the mixed action potential. ament sensory threshold values remained unchanged with repeat testing that displayed identical side-toside SE values in a wild-type mouse. One operator allowed us to avoid interrater variability, and we report our standards of error.
There was also a trend for higher amplitudes to be obtained from the right hind limb and longer latencies to be obtained from the left hind limb. These findings are not uncommon to electrodiagnosis. In the presence of side-to-side differences, reference values have previously been established. Mysiew and Colachis 19 and Foley et al. 20 demonstrated side-to-side differences in establishing reference values for median nerve. The findings of Kanakamedala et al. 21 also showed side-to-side differences in establishing reference values for the ulnar nerve at the elbow. As seen in their reporting, the differences found in this study were not statistically significant.
In obtaining these values, a number of montages were trialed. Initially, we stimulated subdermally at the level of the sciatic notch, but this yielded a motor recording. We also placed micrograbbers (Biopac Systems) around the fourth and fifth hind limb digits to record responses. This technique was abandoned be- 
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Mixed Sural Nerve Recording in Mice cause the micrograbbers wrapped too tightly around the digits and applied excessive pressure on the digital nerves.
CONCLUSION
Although electrodiagnostic studies have been previously performed on different mouse models, [1] [2] [3] 6, 22 to our knowledge, this study is the first reporting of mixed nerve action potential reference values for the murine sural nerve. These values are useful for future research in the analysis and comparison of murine neurologic disease models. Rehabilitation medicine stands to benefit because mouse models have been successfully used as templates to perform human studies.
